Introduction {#Sec1}
============

Measurements of the production of two massive vector gauge bosons (hereafter, "diboson" production) represent an important test of the Standard Model (SM) of particle physics. Diboson measurements are powerful probes of the electroweak theory of the SM, in particular the structure of the triple gauge-boson couplings (TGCs) \[[@CR1], [@CR2]\]. In addition, precise diboson measurements are a valuable test of higher-order calculations in quantum chromodynamics (QCD).
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A search for anomalous triple gauge-boson couplings (aTGCs) is also presented in this paper, using both the $\documentclass[12pt]{minimal}
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Analysis overview {#Sec2}
=================

As mentioned above, measurements of $\documentclass[12pt]{minimal}
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After applying stringent event selection requirements, the signal-to-background ratio remains quite low at 5--10$\documentclass[12pt]{minimal}
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ATLAS detector {#Sec3}
==============

The ATLAS detector \[[@CR25]\], which surrounds one of the interaction points of the Large Hadron Collider (LHC) \[[@CR26]\], is built of several subdetectors. The first subdetector layer consists of the inner detector (ID), which provides charged-particle tracking for $\documentclass[12pt]{minimal}
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A three-level trigger system is used to select the most interesting events for data storage \[[@CR27]\]. An initial hardware-based trigger stage is followed by two software-based triggers, which reduce the final event rate to about 400 Hz.

Data and Monte Carlo samples {#Sec4}
============================

This analysis is based on an integrated luminosity of $\documentclass[12pt]{minimal}
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The nominal signal Monte Carlo (MC) samples consist of $\documentclass[12pt]{minimal}
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                \begin{document}$$q q^{\prime }\rightarrow WV$$\end{document}$ events generated at next-to-leading order (NLO) in QCD using MC\@NLO  v4.07 \[[@CR28]\] interfaced with [Herwig]{.smallcaps}  v6.520 \[[@CR29]\] and [Jimmy]{.smallcaps}  v4.31 \[[@CR30]\] for the simulation of parton showering, hadronization, and the underlying event. The CT10 parton distribution function (PDF) set \[[@CR31]\] and parameter values from the AUET2 tune \[[@CR32]\] are used for these samples. The *W* and *Z* bosons are generated on-shell by MC\@NLO and decayed subsequently by [Herwig]{.smallcaps}. The same MC configuration is also used to model aTGC contributions to *WV* production, using an event reweighting feature built into MC\@NLO.

In order to study systematic uncertainties, alternative $\documentclass[12pt]{minimal}
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The *ZZ* background process is modelled with [Powheg]{.smallcaps} interfaced with [Pythia]{.smallcaps}  8. The sample is normalized using the NLO prediction from MCFM  \[[@CR50], [@CR51]\].

The MC samples are passed through a GEANT4-based \[[@CR52]\] simulation of the ATLAS detector \[[@CR53]\]. For some of the MC samples, a fast simulation is used that makes use of a parameterization of the showers in the calorimeter. The hard-scattering processes in the MC samples are overlaid with simulated minimum-bias events in order to model additional collisions in the same or neighbouring bunch crossings ("pile-up"). The MC samples are reweighted so that their pile-up profile matches that observed in the data.

Event reconstruction {#Sec5}
====================

This analysis considers events with exactly one lepton (electron or muon), missing transverse momentum, and either two small-*R* jets or one large-*R* jet.
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Muon candidates are formed from the combination of a track in the muon spectrometer and one in the ID. They are required to have $\documentclass[12pt]{minimal}
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Event selection {#Sec6}
===============

Two independent sets of event selection criteria are developed that target different event topologies: the $\documentclass[12pt]{minimal}
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As described in Sect. [8](#Sec12){ref-type="sec"}, the signal is extracted using a maximum-likelihood (ML) fit to the dijet mass ($\documentclass[12pt]{minimal}
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Background estimation {#Sec9}
=====================

The methods for estimating the expected background yields and kinematic distributions are described in this section. The estimates from this section are used as inputs to the ML fit in which the signal is measured while the backgrounds are allowed to vary within their systematic uncertainties. In that ML fit, the $\documentclass[12pt]{minimal}
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Multijet processes form another source of background. Multijet events can pass the event selection if they contain non-prompt leptons (produced from semileptonic decays of *c*- and *b*-hadrons) or "fake" leptons (resulting from misidentified jets). The multijet backgrounds are estimated using data-driven techniques, as described in Sects. [7.1](#Sec10){ref-type="sec"} and [7.2](#Sec11){ref-type="sec"}.
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The top-quark background is modelled with MC simulation, and is cross-checked in a validation region containing three small-*R* jets, one of which is *b*-tagged using the MV1 algorithm \[[@CR61], [@CR62]\]. Good agreement is observed between the data and the MC simulation, so no corrections are applied to the prediction. The background from *ZZ* events is also modelled with MC simulation.

The data-driven multijet background estimate makes use of a multijet CR. The multijet CR is formed by selecting events in data that pass the same selection requirements as for the signal region, except that the lepton quality criteria are modified in order to produce a CR enriched in non-prompt and fake leptons. Lepton candidates satisfying these modified criteria are called "anti-identified" lepton candidates. Anti-identified muon candidates must have a non-negligible impact parameter, $\documentclass[12pt]{minimal}
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The top-quark control region (top CR) is formed by events satisfying the signal region selection, except that the presence of at least one small-*R* *b*-tagged jet with $\documentclass[12pt]{minimal}
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The method for estimating the multijet background is similar to that used in the $\documentclass[12pt]{minimal}
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Cross-section extraction {#Sec12}
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A wide variety of detector-related experimental uncertainties are considered, which affect $\documentclass[12pt]{minimal}
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Additionally, the uncertainty in the modelling of pile-up interactions is accounted for \[[@CR71]\]. The uncertainty in the integrated luminosity is also included, computed as described in Ref. \[[@CR72]\]. The statistical uncertainty of the MC samples is taken into account, which affects each bin in the ML fits in an uncorrelated way.
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Cross-section results {#Sec16}
=====================
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The fiducial cross-section for the signal process is extracted from the fit as described in Sect. [8](#Sec12){ref-type="sec"}, and the result is$$\documentclass[12pt]{minimal}
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                \begin{document}$$WV \rightarrow \ell \nu \mathrm {j}\mathrm {j}$$\end{document}$ signal region, overlaid with the post-fit background and signal estimates. The *hatched band* indicates the total uncertainty of the fit result
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                \begin{document}$$WV \rightarrow \ell \nu \mathrm {J}$$\end{document}$ signal region, overlaid with the post-fit background and signal estimates. The *hatched band* indicates the total uncertainty of the fit result

The cross-section measurements are summarized in Fig. [6](#Fig6){ref-type="fig"}. As mentioned in Sect. [8](#Sec12){ref-type="sec"}, the two cross-section measurements are performed in partially overlapping phase spaces. The uncertainty in the theory prediction is significantly larger in the $\documentclass[12pt]{minimal}
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Constraints on anomalous gauge couplings {#Sec17}
========================================

In many extensions of the SM, diboson production can be modified, such as through new resonances that couple to bosons. If the scale of new physics is sufficiently high, new resonances may not be visible in the current data; however, diboson production could still be affected below the new-physics scale, in the form of modified couplings. One common framework for parameterizing new physics in diboson production is an effective Lagrangian \[[@CR1]\] of the form:$$\documentclass[12pt]{minimal}
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The aTGC and EFT parameters both tend to increase the diboson cross-section at high $\documentclass[12pt]{minimal}
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In this analysis, the new-physics search uses signal regions with exactly the same event selection as the cross-section measurements, except that the $\documentclass[12pt]{minimal}
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The confidence intervals are computed from binned ML fits to the $\documentclass[12pt]{minimal}
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The observed 95% confidence intervals for the aTGC parameters are shown in Table [5](#Tab5){ref-type="table"}, without applying the LEP constraint. The confidence intervals for a given aTGC parameter are computed while fixing the other aTGC parameters to zero. The confidence intervals are shown separately for the $\documentclass[12pt]{minimal}
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Conclusion {#Sec18}
==========
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The events are also used to search for new physics modifying triple gauge-boson vertices, which could lead to enhancements of the cross-section at high $\documentclass[12pt]{minimal}
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ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upward. Cylindrical coordinates $\documentclass[12pt]{minimal}
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The significance is calculated based on the profile-likelihood ratio of the background-only and signal-and-background hypotheses. This ratio is converted to a significance using the asymptotic approximation \[[@CR74]\].
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